Background {#Sec1}
==========

Smoking is the leading behavioural risk factor causing a substantial number of preventable deaths worldwide \[[@CR1]\]. The main harmful impacts of tobacco use include increased rates of cardiovascular deaths (e.g. caused by ischaemic heart diseases), cancers (e.g. caused by lung cancer), as well as deaths associated with diseases of the respiratory system (e.g. chronic bronchitis) \[[@CR1], [@CR2]\]. In Estonia, cardiovascular diseases are the greatest cause of mortality followed by neoplasms \[[@CR3]\]. The standardized death rate per 100,000 population from ischaemic heart diseases (I20--I25) was 247.54 and from malignant neoplasm of larynx, trachea, bronchus and lung (C32-C34) was 57.31 in 2014 in Estonia \[[@CR3]\].

Physicians play a key role in setting an example by their own smoking in society as well as in encouraging their patients to stop smoking \[[@CR4]--[@CR6]\]. Previous reports conducted on samples of physicians showed that physicians who smoke underestimate the effects of tobacco smoke on health and this influences their practice \[[@CR4], [@CR7]--[@CR11]\]. For effective smoking cessation strategies it is necessary to understand trends in smoking behaviour and attitudes towards smoking among physicians in the country. Also, monitoring trends in smoking behaviour among physicians allows public health policy makers to predict tendencies in smoking among the general population \[[@CR12]\]. This study is the first to analyse smoking behaviour and attitudes towards causal role of smoking in smoking-related diseases among Estonian physicians over three decades.

The objective of this study was to investigate the views of Estonian physicians about the role of smoking in smoking-related diseases from 1982 to 2014.

Methods {#Sec2}
=======

Design and setting of the study {#Sec3}
-------------------------------

The present study was based on smoking surveys among Estonian physicians carried out in 1982, 2002, and 2014. The methods used in these surveys have been extensively described elsewhere \[[@CR7], [@CR10], [@CR13]--[@CR15]\]. In short, cross-sectional postal surveys using similar, self-administered questionnaires were used to collect information from all practising physicians in 1982 (*n* = 4704), 2002 (*n* = 4140), and 2014 (*n* = 5666) in Estonia. In 1982, all practising physicians were identified from the database of the Ministry of Health in Estonia and in 2002 from the database of Estonian Health Insurance Fund. In these two study years questionnaires were mailed to the physicians' workplace. In 2014, the sample of all practising physicians was based on data from the Estonian Health Care Professionals Registry and questionnaires were mailed to the physicians' home addresses. To receive home addresses, data from the Estonian Health Care Professionals Registry were linked with the Population Registry in Estonia.

The number of respondents was 3792 in 1982, 2747 in 2002, and 2903 in 2014. The crude response rates were 80.7, 66.3, and 52.0%, respectively. The corrected response rates (excluding physicians who were unavailable, retired, had an incorrect address, had left Estonia or died) were 67.8% in 2002 and 53.1% in 2014.

Study variables {#Sec4}
---------------

**Study years**: 1982, 2002, 2014.

**Smoking status** was determined by combining answers to several questions concerning daily, occasional, past and never smoking status and responses were classified as current (daily or occasional), past and never smoking.

**Attribution of the causal role of smoking in smoking-related diseases** like ischaemic heart disease (IHD), lung cancer, and chronic bronchitis was determined. The answers were classified as agreement if respondents indicated smoking was "a major cause" or "one of the causes", and disagreement if respondents indicated smoking was "probably not a cause", "not a cause", or "cannot say".

**Age** was measured in full years and analysed in five groups: −34, 35--44, 45--54, 55--64, 65 + .

**Ethnicity** was classified as Estonian/non-Estonian (mainly Russian). Ethnicity referred to self-determined national identity.

Statistical analysis {#Sec5}
--------------------

As gender was strongly associated with prevalence of smoking, the data was analysed separately for men and women. Data analysis involved the calculation of respondents' mean age with standard deviation (SD), minimum (min) and maximum (max) value, and calculation of distribution of respondents by age group and ethnicity. The age-standardized prevalence rate of smoking with the corresponding 95% confidence intervals (CI) (using European standard population \[[@CR16]\]) and the prevalence of agreement/disagreement with three statements concerning smoking as a possible reason for IHD, lung cancer and chronic bronchitis was calculated.

Associations between agreement (vs disagreement) with a causal role of smoking in IHD, lung cancer, and chronic bronchitis with study year, smoking status, age group, and ethnicity were analysed using logistic regression analysis. Crude and fully adjusted odds ratios (OR) with 95% confidence intervals (CI) were calculated.

Questionnaires where the answers concerning smoking status (six in 1982, twelve in 2002, one in 2014) or attribution of a causal role of smoking in three smoking-related diseases (282 in 1982, 41 in 2002 and 37 in 2014) did not exist, were excluded from the analysis. A total of 3504 questionnaires from 1982, 2694 from 2002, and 2865 from 2014 were used in the analysis. Before the logistic regression analysis, an additional 19 questionnaires (one in 1982, 14 in 2002, four in 2014) that lacked information about ethnicity were excluded from further analysis.

Data were analysed using the statistical package Stata 12 \[[@CR17]\].

Results {#Sec6}
=======

The mean age of responding male physicians was 44.4 (SD 12.2, min 23, max 79) and of female physicians 42.4 years (SD 10.1, min 23, max 79) in 1982, 47.8 (SD 12.0, min 25, max 82) and 47.6 (SD 11.2, min 24, max 84) in 2002, and 52.6 (SD 14.5, min 25, max 85) and 51.2 (SD 14.0, min 24, max 86) in 2014, respectively.

Table [1](#Tab1){ref-type="table"} summarizes the distribution of age groups and ethnicity among Estonian physicians in 1982, 2002, and 2014. The age and ethnicity of physicians varied by study year. While in 1982 the prevalence of young physicians was higher and of old physicians lower, in 2002 and 2014 the prevalence of young physicians was lower and that of old physicians higher. Compared to 1982, the proportion of non-Estonians was lower in 2002 and 2014.Table 1Distribution of physicians (%) by age groups and ethnicity among Estonian physicians by gender, 1982--2014Characteristic198220022014MaleFemaleMaleFemaleMaleFemale*n* = 850*n* = 2654*n* = 465*n* = 2229*n* = 518*n* = 2347Age group  − 3426.726.313.113.613.516.8 35--4425.933.632.029.216.214.9 45--5427.827.426.928.423.925.6 55--6414.511.217.022.723.824.3 65+5.21.611.06.122.618.5Ethnicity Estonian71.470.480.284.577.083.3 Non-Estonian28.529.718.115.322.816.5 Missing answer0.1-1.70.30.20.1

The age-standardized prevalence of current smoking decreased from 39.6% (95% CI 35.0--44.2) in 1982 to 20.5% (95% CI 17.2--24.0) in 2002 and to 14.2% (95% CI 11.4--17.0) in 2014 among male physicians and from 12.4% (95% CI 10.7--14.2) in 1982 to 8.1% (7.0--9.2) in 2002 and to 5.1% (95% CI 4.3--6.0) in 2014 among female physicians (Fig. [1](#Fig1){ref-type="fig"}). In 1982--2014, the age-standardized prevalence of past smoking increased from 23.4% (95% CI 19.3--27.4) to 25.2% (95% CI 22.0--28.4) among male physicians and from 10.3% (95% CI 8.1--12.6) to 16.3% (95% CI 14.6--18.0) among female physicians over the study period. Age-standardized prevalence of never smoking increased from 34.2% (95% CI 29.9--38.5) to 50.8% (95% CI 47.1--54.5) among male physicians and from 74.4% (95% CI 71.7--77.2) in 1982 and 78.5% (95% CI 76.7--80.4) in 2014.Fig. 1The age-standardized prevalence of current, past and never smoking with 95% CI among Estonian male and female physicians, 1982--2014. Legend: From 1982 to 2014, the age-standardized prevalence of current smoking decreased from 39.6% (95% CI 35.0--44.2) to 14.2% (95% CI 11.4--17.0) among male physicians and from 12.4% (95% CI 10.7--14.2) to 5.1% (95% CI 4.3--6.0) among female physicians (Fig. 1). Age-standardized prevalence of past smoking increased from 23.4% (95% CI 19.3--27.4) to 25.2% (95% CI 22.0--28.4) among male physicians and from 10.3% (95% CI 8.1--12.6) to 16.3% (95% CI 14.6--18.0) among female physicians over the study period. Age-standardized prevalence of never smoking increased from 34.2% (95% CI 29.9--38.5) to 50.8% (95% CI 47.1--54.5) among male physicians and from 74.4% (95% CI 71.7--77.2) in 1982 and 78.5% (95% CI 76.7--80.4) in 2014

The majority of physicians agreed with statements that smoking is a major cause, or one of the causes of IHD, lung cancer, and chronic bronchitis (Table [2](#Tab2){ref-type="table"}).Table 2Attribution of causal role of smoking in smoking-related disease (%) among Estonian physicians by gender, 1982--2014Statement198220022014MaleFemaleMaleFemaleMaleFemale*n* = 850*n* = 2654*n* = 465*n* = 2229*n* = 518*n* = 2347Ischaemic heart disease (IHD) A major cause4.94.94.88.47.214.711.4 One of the causes79.879.388.289.183.886.6 Probably not a cause5.54.61.91.90.60.9 Not a cause2.51.70.40.10.60.1 Cannot say7.39.61.11.70.41.0Lung cancer A major cause12.513.530.332.737.633.6 One of the causes77.375.168.066.461.265.6 Probably not a cause2.22.41.30.50.80.4 Not a cause1.91.30.20.00.20.1 Cannot say6.17.80.20.50.20.3Chronic bronchitis A major cause24.423.033.635.938.640.3 One of the causes70.470.965.263.260.458.9 Probably not a cause1.50.90.90.50.40.3 Not a cause1.10.90.20.10.00.2 Cannot say2.74.30.20.40.60.3Total100100100100100100

In the adjusted logistic regression model, agreement with the statement that smoking is a cause of IHD was associated with study year and ethnicity among male and female physicians, and with smoking status and age among female physicians only (Table [3](#Tab3){ref-type="table"}). Compared to the first study year, agreement with this statement was significantly higher among male and female physicians in 2002 and 2014. In comparison with non-Estonians, Estonian physicians agreed significantly more that smoking is a cause of IHD. Among female physicians, attributing a causal role of smoking in IHD was associated with smoking status and age. Compared to currently smoking females, agreement with this statement was significantly higher among past and never smokers. Compared to under 35-year-old female physicians, agreement with the statement was slightly lower in the age groups 45--54, 55--64, and 65+. After adjustment, smoking status and age appeared not to be associated with attribution of a causal role of smoking in IHD among male physicians.Table 3Agreement (vs disagreement) with the statement that smoking is a cause of the ischaemic heart diseases (IHD) among Estonian male and female physiciansCharacteristicMale physiciansFemale physiciansCrude OR\
(95% CI)Adjusted OR^a^\
(95% CI)Crude OR\
(95% CI)Adjusted OR^a^\
(95% CI)Study year 19821111 2002**4.98 (2.93-- 8.49)4.49 (2.61-- 7.72)5.00 (3.91--6.39)5.03 (3.91-- 6.48)** 2014**11.50 (5.58--23.70)10.40 (4.95--21.85)9.24 (6.80--12.56)9.78 (7.04--13.59)**Smoking status Current1111 Past**1.84 (1.21--2.79)**1.16 (0.74--1.82)**2.64 (1.89--3.69)1.66 (1.17--2.35)** Never**2.21 (1.50--3.27)**1.43 (0.95--2.15)**1.95 (1.55--2.45)1.63 (1.28--2.08)**Age  − 341111 35--441.18 (0.75--1.84)0.96 (0.60--1.53)0.99 (0.77--1.28)0.96 (0.74--1.25) 45--54**1.72 (1.07--2.78)**1.26 (0.76--2.08)0.94 (0.74--1.21)**0.72 (0.56--0.94)** 55--641.63 (0.96--2.76)1.01 (0.58--1.76)1.28 (0.96--1.71)**0.70 (0.52--0.96)** 65+**2.64 (1.29--5.38)**1.00 (0.46--2.15)**1.84 (1.20--2.81)0.56 (0.35--0.89)**Ethnicity Non-Estonian1111 Estonian**2.20 (1.56--3.10)1.88 (1.31--2.69)1.84 (1.52--2.22)1.35 (1.10--1.64)**^**a**^Each OR was adjusted for all other characteristics in the tableData in bold shows significant differences

Agreement with the statement that smoking is a cause of lung cancer was associated with study year and smoking status among male and female physicians and with ethnicity among female physicians only (Table [4](#Tab4){ref-type="table"}). Compared to the first study year, agreement with this statement was significantly higher in 2002 and 2014. Compared to current smokers, agreement with this statement was higher among past and never smokers. Compared to non-Estonian female physicians, Estonian ones had 1.41 times higher probability of agreeing that smoking is a cause of lung cancer. After adjustment, ethnicity appeared not to be associated with attribution of a causal role of smoking in lung cancer among male physicians.Table 4Agreement (vs disagreement) with the statement that smoking is a cause of lung cancer among Estonian male and female physiciansCharacteristicMale physiciansFemale physiciansCrude OR\
(95% CI)Adjusted OR^a^\
(95% CI)Crude OR\
(95% CI)Adjusted OR^a^\
(95% CI)Study year 19821111 2002**6.41 (3.08--13.34)5.72 (2.72--12.05)12.94 (8.36--20.03)12.91 (8.27--20.15)** 2014**9.72 (4.22--22.41)7.70 (3.25--18.27)15.83 (9.92--25.25)16.54 (10.06--27.17)**Smoking status Current1111 Past**2.86 (1.69--4.84)1.90 (1.09--3.32)3.87 (2.68--5.60)2.29 (1.55--3.38)** Never**3.39 (2.09--5.51)2.31 (1.39--3.82)4.20 (3.28--5.39)3.71 (2.84--4.83)**Age  − 341111 35--440.77 (0.45--1.33)0.58 (0.33--1.02)**1.43 (1.05--1.93)1.41 (1.03--1.94)** 45--541.60 (0.87--2.97)1.08 (0.57--2.04)1.22 (0.91--1.63)0.82 (0.60--1.12) 55--641.42 (0.73--2.78)0.81 (0.40--1.63)**1.82 (1.28--2.59)**0.81 (0.56--1.19) 65+2.38 (0.95--5.94)0.74 (0.28--1.97)**3.17 (1.76--5.72)**0.66 (0.35--1.26)Ethnicity Non-Estonian1111 Estonian**1.87 (1.23--2.84)**1.49 (0.96--2.30)**2.01 (1.60--2.53)1.42 (1.11--1.82)**^**a**^Each OR was adjusted for all other characteristics in the tableData in bold shows significant differences

Agreement with the statement that smoking is a cause of chronic bronchitis was associated with study year and ethnicity among male and female physicians and with smoking status among female physicians only (Table [5](#Tab5){ref-type="table"}). Compared to 1982, physicians agreed with this statement significantly more in 2002 and 2014. Estonian physicians agreed significantly more than non-Estonian physicians that smoking is a cause of chronic bronchitis. Compared to currently smoking female physicians, agreement was significantly higher among past and never smoking females. After adjustment, smoking status appeared not to be associated with attribution of a causal role of smoking in chronic bronchitis among male physicians.Table 5Agreement (compared to disagreement) with the statement that smoking is a cause of chronic bronchitis among Estonian male and female physiciansCharacteristicMale physiciansFemale physiciansCrude OR\
(95% CI)Adjusted OR^a^\
(95% CI)Crude OR\
(95% CI)Adjusted OR^a^\
(95% CI)Study year 19821111 2002**4.21 (1.78-- 9.94)3.95 (1.65-- 9.46)6.50 (4.15--10.19)6.26 (3.95-- 9.91)** 2014**5.73 (2.26--14.53)5.05 (1.91--13.33)8.40 (5.15--13.72)8.23 (4.89--13.84)**Smoking status Current1111 Past**1.88 (0.98--3.63)**1.38 (0.69--2.76)**2.69 (1.63--4.45)1.68 (4.30--10.36)** Never**2.61 (1.37--4.95)**1.88 (0.97--3.65)**2.45 (1.74--3.46)2.11 (1.48-- 3.01)**Age  − 341111 35--440.53 (0.24--1.18)0.43 (0.19--0.96)1.20 (0.80--1.80)1.14 (0.75--1.73) 45--541.02 (0.43--2.45)0.72 (0.29--1.76)1.00 (0.68--1.48)0.74 (0.50--1.10) 55--640.81 (0.33--2.03)0.51 (0.20--1.32)1.27 (0.81--1.99)0.69 (0.43--1.10) 65+1.35 (0.41--4.45)0.53 (0.15--1.88)**2.51 (1.18--5.36)**0.80 (0.36--1.77)Ethnicity Non-Estonian1111 Estonian**2.23 (1.29--3.84)1.88 (1.08--3.30)2.34 (1.75--3.13)1.72 (1.27--2.32)**^**a**^Each OR was adjusted for all other characteristics in the tableData in bold shows significant differences

Discussion {#Sec7}
==========

This study assessed the relationship between attribution of a causal role of smoking in three smoking-related diseases and study year, smoking status, age, and ethnicity among Estonian physicians from 1982 to 2014. Agreement with the statements that smoking is a cause of IHD, lung cancer, and chronic bronchitis was associated with study year, physicians' smoking status and ethnicity.

While the nationwide coverage of physicians and the study period over three decades were major advantages of this survey, several potential limitations need addressing. First, the response rates to the surveys declined over time as has been reported in postal surveys among physicians worldwide \[[@CR18]\]. Physicians are considered a difficult population from whom to collect survey data \[[@CR19]\]. Low response rates can result in bias as non-respondents may be systematically different from respondents. However, the respondents were representative of the overall physician population in Estonia in terms of the male-female ratio, with a slightly higher proportion of respondents among female physicians. Second, these surveys relied on self-reports and this can result in bias as participants are less likely to be honest about measures relating to risk behaviours. Third, as the first study was conducted in the Soviet era, and some minor changes were made in study design and questions between studies, the findings of trends in this survey need to be interpreted with caution. Fourth, the size of some sub-groups (e.g ethnic group of non-Estonians by attitudes towards causal role of smoking in smoking-related diseases) per study year was small, and hence, the study estimates are not as precise as one might wish. Despite these shortcomings, several inferences can be drawn.

Compared with 1982, the proportion of respondents agreeing with the statements that smoking is a cause of IHD, lung cancer and chronic bronchitis was significantly higher among male and female physicians in 2002 and 2014. Already in 2002, the proportion of physicians who were unaware of the causal role of tobacco in lung cancer and chronic bronchitis was less than 2% among male and less than 1% among female physicians, and about 2% of male and female physicians did not consider tobacco to be a risk factor for IHD. In 2014, the percentage of non-awareness was less than 1.5% for all disease categories in both men and women. This could be attributed to the educational attainment of physicians, improvements in their knowledge about the health effects of smoking and a decline in their own smoking behaviours over three decades.

In 1982--2014, the age-standardized prevalence of current smoking decreased 2.8 times among male and 2.4 times among female physicians in Estonia and is lower than the prevalence of smoking among the general population and among the general population with higher education reflecting a 'mature' smoking epidemic in the country \[[@CR20]--[@CR23]\]. A similar decline in smoking among physicians has been reported in several developed countries \[[@CR7], [@CR20]--[@CR25]\]. The prevalence of current smoking among 25--64-year-olds in the general population in Estonia was 56.7% for men and 25.8% for women in 2002 \[[@CR26]\], and 40.5 and 22.2%, respectively, in 2014 \[[@CR27]\]. The prevalence of current smoking among 25--64-year-olds with higher education in Estonia was 33.9% among men and 19.6% among women in 2002 \[[@CR26]\], and 22.9 and 16.3%, respectively, in 2014 \[[@CR27]\]. Thus, medical education and profession appears to have an impact on smoking as physicians know more about the harmful effects of smoking and they act as role models by their own behaviour in society as well as among their patients \[[@CR4]--[@CR6]\]. Unfortunately, no data are available for smoking rates among the general population in 1982 in Estonia. The decline in smoking among physicians as well as in the general population in Estonia might have been influenced by tobacco legislation as Estonia ratified the World Health Organization Framework Convention on Tobacco Control in 2005 and the same year the Estonian Parliament adopted a Tobacco Act to comply with the requirements laid down in the convention \[[@CR28]\].

Compared with the female physicians who were current smokers, past smokers and those who had never smoked agreed significantly more with the attribution of smoking in all three smoking-related diseases. Compared with male physicians who were current smokers, past and never smokers agreed only with the statement that smoking is a cause of lung cancer. Attribution of a causal role of smoking in smoking-related diseases might be associated with the declining social acceptance of smoking in society, especially with legal restrictions on smoking in public spaces and mass media campaigns \[[@CR28]\]. Also, earlier studies confirmed that compared to non-smokers, smokers systematically underestimate the health consequences of smoking \[[@CR7]--[@CR11], [@CR29]\]. The stronger association of own smoking status with attribution of smoking as a cause in smoking-related diseases among females could be explained by gender role as a set of societal norms for females in society.

Compared to non-Estonians, agreement with the statements that smoking is a cause of IHD and chronic bronchitis was higher among Estonian male and female physicians, but attribution of a role of smoking in lung cancer was higher only among Estonian female doctors. Different attitudes towards the causal role of smoking in smoking-related diseases among Estonians and non-Estonians might be related to different social environments and differences in medical education as many non-Estonian physicians came to Estonia in adulthood and received their medical education outside Estonia, mainly in Russia. Nevertheless, one should not overestimate the findings concerning ethnic differences in attitudes towards the role of smoking in smoking-related diseases because of the small number of non-Estonian physicians who did not agree with this.

Conclusion {#Sec8}
==========

Reported beliefs of physicians in Estonia were consistent with medical evidence and indicated little doubt about the smoking-related aetiology of IHD, lung cancer and chronic bronchitis. From 1982 to 2014, physicians' attitudes towards the health risks of smoking improved in Estonia. However, their views on a causal role of smoking in smoking-related diseases was related to their own smoking habits and ethnicity. Past and never smokers were more likely to admit a causal role of smoking in lung cancer than those who did smoke. Agreement with statements about a causal role of smoking in IHD and chronic bronchitis was significantly higher among never and past smoking female physicians only. Compared to non-Estonians, agreement with these three statements was significantly higher among Estonians.

Although one-seventh of male physicians and one twentieth of female physicians in Estonia were current smokers in 2014 and the majority of physicians agreed on the causal role of smoking in smoking-related diseases, it is important that physicians' smoking in Estonia continues its decline so that physicians can lead the way as tobacco control exemplars. A further decline in smoking among Estonian physicians would require special efforts targeted to physicians. Societal pressure from the national policy could further support a decline in the social acceptance of smoking in Estonia and continuing developments in medical education could provide continuing evidence-based knowledge concerning the health effects of smoking to Estonian physicians.
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